The developed biosensor is based on the electrochemical signal of the complex formed between the ligand used (glycine) and copper(II) ions. The developed electrochemical method is quick, inexpensive, easy to apply, and has shown good selectivity for copper ions. In this research, a linear response for copper ions was obtained in the concentration range of 0.2 mg to 1 mg/L, which largely covers the area of copper ion concentrations in wine. The achieved sensitivity was 11.05E-05 and the limit of detection (LOD) was 0.041 ppm. The biosensor with screen printed electrodes has been successfully used to detect copper ions in wine. A comparative study between the developed portable biosensor and ICP-MS analysis results of the same samples showed similar results.
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Keywords: biosensor, copper, screen printed electrodes, glycine Information on the quantity of the various wine components at all the stages of winemaking allows producers to control the technological process and to obtain a high-quality wine with a specific taste, bouquet, color, flavor and clarity [1] .
Wine quality depends on the chemical composition and among these components the concentration of inorganic ion in wine being of great interest [2, 3] . In some cases, the presence of heavy metal traces is related to the quality of the final product and can lead to some defects [2] . The presence of these metal contaminants in wines may be due to several endogenous and exogenous factors [4] . The mineral content of wine depends on the soil, location, grape variety, weather or environmental conditions, and wine practices [5] .
Some heavy metals, such as copper, form insoluble salts and induce additional form of casse. Copper(II) can contribute to the oxidative browning of wine, a phenomenon that becomes visible only after bottling. Knowledge regarding the presence of the chemical compound of copper in wine rather than knowledge of its total concentration may be the best indicator of wine oxidation [6] . Copper content is significantly reduced during alcoholic fermentation, however, depending on the initial metal concentration, this decrease may not be sufficient to protect the wine from a possible copper casse [7] .
Copper (II) forms stable complexes [8] with amino acids through chelation. In recent years, several studies have reported on the use of amino acids such as L-cysteine, the glycine-histidine complex for the determination of copper ions based on electrochemical detection [9, 10] . Glycine (Gly) is one of the simplest amino acids that can bind copper in a dimeric form [11] .
Most existing techniques used for trace analysis of heavy metals include classic methods such as spectroscopy and chromatography, which can detect cations at very low concentrations. These methods are costly and difficult or even impossible to use in situ analysis. Recent studies show increasing interest in sensors [12] , among which the electrochemical sensors and biosensors can provide important advantages through the high stability and reproducibility, high sensitivity with low detection limits, and linear responses for selected element [13, 14] .
Voltammetry is one of the most used electrochemical detection techniques. Several variations of voltammetry have been developed, and these include: cyclic voltammetr y, stripping voltammetr y, square-wave voltammetry, linear sweep voltammetry, alternating current voltammetry, normal pulse voltammetry and differential pulse voltammetry [15] . Of these techniques, cyclic voltammetry has been previously applied by Popescu et al. (2011) to calculate the diffusion coefficient for the Cu 2+/ Cu + redox couple [16] .
The purpose of this study was to develop a simple and rapid method that uses an electrochemical portable biosensor for the quantification of copper ions in wine. In order to select the copper ions from the wine sample, glycine was used as a biological element and agarose was chosen as an immobilization agent. The efficiency of the developed method and related biosensor used in the analysis of copper cations concentration was studied based on sensitivity, detection limit, and response time. The performance of the proposed method and of the developed portable biosensor was verified through comparison against the results of an ICP-MS analysis.
Experimental part Materials and methods
Glycine, agarose and copper sulfate used were from Sigma Aldrich, and the wine samples were purchased from a wine cellar in the city of Suceava. 5 samples of white wine and 5 samples of red wine were used.
For electrochemical detection, carbon based Pine Research screen printed electrodes (SPE) have been used. SPE contain a working carbon-electrode, a counter carbonelectrode, and a silver/silver chloride reference electrode (Ag/AgCl). The screen printed electrode dimensions of the * email: liliana.norocel@fia.usv.ro 
Apparatus
Electrochemical measurements were performed using a Metrohm Autolab potentiostat/ galvanostat PGSTAT204 at a 100 Hz frequency with an upper vertex potential of 0.6 V, a lower vertex potential of -0.6 V, and a rate scan of 0.1 V/ s. ICP-MS analysis was performed with an Agilent Technologies 7500 Series Spectrometer (Agilent, USA) according to the working methodology described in the Compendium of International Analysis of Methods -OIV Multielemental Analysis Using ICP-MS, OIV-MA-AS323-07: R2010, Type II Method-(OIV-Oeno 344-2010).
Sample preparation
Solutions of 5 % glycine and 0.5% agarose were freshly prepared and then immobilized on the working electrode of the SPE in a ratio of 1:1. After drying, the electrodes were introduced into cells with 10 mL of artificial solutions having different concentrations of copper ions as well as in real wine samples using cyclic voltammetry for analysis.
Results and discussions
Cyclic voltammograms were performed for five copper solutions of 0.2; 0.4; 0.6; 0.8; 1 mg/L ( fig. 2 ). Following that 10 samples of wine were analyzed and the data compared to the ICP-MS analysis of the same samples.
Electrochemical measurements were made and the maximum and minimum intensities of the resulted voltammograms were used to obtain regressions in order to observe the linearity of the copper ions selectivity ( fig.  3 ).
According to Faraday's law, the mass of the substance deposited or dissolved on the electrodes of an electrochemical system is directly proportional to the amount of electricity passing through the electrochemical cell [17] . Correspondingly, the mass of copper ions deposited on the electrode during the electrochemical measurements was calculated, and the resulting concentration, based on the existing quantity, is shown in figure 4 . As figure 4 shows, the developed method has a good selectivity for copper ions, with an average deposition efficiency of 89.58%. Very close values between the quantity of copper deposited on the electrode and the existing copper concentration in the cell were obtained for the solution of 0.4 mg/L copper.
Analytical performance of the biosensor
The analytical performances of the biosensor were evaluated based on sensitivity, detection limit and biosensor response time, the results are shown in table 1.
Sensitivity was calculated using eq. (2): (2) where: m -calibration curve slope (µA mM -1 ), a -area of active surface A (cm 2 ) [17, 18] . The blank detection limit (LoB, eq. 3) and the limit of detection (LoD) of the proposed biosensor are terms used to describe the lowest concentration of an analyte that can be reliably measured by an analytical procedure. LoB = mean blank +SD blank (3) where SD = Standard deviation.
LoD (eq. 4) is determined by using both the measured LoBs and the test replicates of a sample known to contain a low analyte concentration [19] . The mean and SD of the low concentration test were calculated as follows: LoD = LoB + SD low concentration sample (4) The analysis of copper solutions indicated a good sensitivity and a low detection limit of the method developed to determine the copper ions in wine. In terms of response time, the biosensor conforms to the conditions of a rapid analysis.
Comparison between the electrochemical biosensor results and an ICP-MS analysis Figure 5 shows the differences between the results of the analysis of copper in wine samples using the proposed biosensor method and the concentrations of copper measured in the samples by ICP-MS. 
Conclusions
The proposed method for determining the concentration of copper ions in wine and the electrochemical biosensor used in this method have proven to be performant analytical means. In the experimental study glycine has shown good selectivity for copper ions and can be recommended as a good recognition element. Moreover, the immobilization method led to an enhancement of their selectivity.
The developed biosensor has a high sensitivity, a detection limit that places it in the range of possible copper ion concentrations in wine and a low response time.
Comparative analysis between the results of ICP-MS and the biosensor showed a good fit of the methods, which suggests the possibility of application for the in situ detection of copper concentration in wine.
The performance of the new method for determining copper content in wine was compared to that of ICP-MS. 10 samples of wine were analyzed and the results compared. The difference in percent (∆%) is given by eq. 5: (5) where: C A is the concentration determined by ICP-MS and C B is the concentration determined by the biosensor.
The maximum value of this function is ±200%. The value ∆%=0 denotes a perfect match of the two analytical values, while values close to ±200% indicate that there is no similarity between the values. A positive value of ∆% shows that the concentration of Cu(II) is higher in the case of ICP-MS and a negative value indicates a higher concentration in the case of the biosensor determination than of the ICP-MS analysis [20] .
The difference between the two methods of analysis of copper traces has negative values, as observed in figure 6 . Values are between -11.19 and -84.21, and all 10 samples have an average value of -47.7.
By comparing the results obtained by ICP-MS with the results obtained using the method and the developed biosensor, a higher performance is observed for the latter.
